EEEEEEEE
EEEEEEEEE
NNNNNNNN
AAAAAAAAAA

An EMTP Theory Book
Correction

E. T. Scharlemann

August 17, 2010

LLNL-TR-450052



Disclaimer

This document was prepared as an account of work sponsored by an agency of the United States
government. Neither the United States government nor Lawrence Livermore National Security, LLC,
nor any of their employees makes any warranty, expressed or implied, or assumes any legal liability or
responsibility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Reference herein
to any specific commercial product, process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States government or Lawrence Livermore National Security, LLC. The views and opinions of
authors expressed herein do not necessarily state or reflect those of the United States government or
Lawrence Livermore National Security, LLC, and shall not be used for advertising or product
endorsement purposes.

This work performed under the auspices of the U.S. Department of Energy by Lawrence Livermore
National Laboratory under Contract DE-AC52-07NA27344.



LLNL-TR-XXXXX

An EMTP Theory Book Correction

E. T. Scharlemann
Lawrence Livermore National Laboratory
Livermore, California 94550

August 13, 2010

In Carsons’ 1926 article [1] on wave propagation on a wirevaltbe ground, the impedance
of an overhead wire or pair of wires with ground return is dedl, and expressed in terms of the
integral
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r=a=+\p+q¢,

0 = ¢ =tan"'(q/p) .

The EMTP Theory Book [2], pp. 4-7 to 4-9, presents the equatistated to be used by
the Alternative Transients Program ATP (or Electromagnétansients Program EMTP) for this
impedance. The impedance expressions in [2] are not the gauthe expressions in [1], although
they are supposed to be. The main correction required tg p2Zihinto agreement with [1] is to
replace

sgn = (—)lFmed2l 11 1 1,1, -1,1,1... forn =3,4,5,6,7,8,9,10. ..
as described just below Eq. (4.12) of [2], with
sgn = (—)l=rmed2l — 9 1 1 111,-1,-1... forn=3,4,5,6,7,8,9,10. .. ;

i.e., the sign of the terms in the series balternates every two terms rather than every four terms.
The expressions in [2] should be:
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sgn = (—D)"F a2l — 9 1 1 11,1,-1,-1... forn =3,4,5,6,7,8,9,10... . .

Other corrections are simple typographic errors, and haea lcaught in other references [3]
to Carson’s formula. With corrections in red, the expreassifor Carson's” and( in [2] should
be

P :g — bia cos ¢
+ by [(02 —1Ina)a® cos 2¢ + ¢ a* sin 2¢] + bsa® cos 3¢ — dya’ cos 4¢ — bya® cos 5o
+ bg [(06 —1Ina)a® cos6¢ + ¢ a°sin 6¢] + bra” cos T — dga® cos 8¢ — bya® cos 9¢
+ byo [(010 —1Ina)a'® cos 10¢ + ¢ a'’sin 10925] + byatt cos 116

— dipat? cos 12¢ — bisa’? cos 13¢...
repeating in groups of four.

Q :%(0.6159315 —1Ina) + byacos ¢ — dya® cos 2¢ + bsa® cos 3¢
— by [(04 —1Ina)a® cos4¢ + ¢a’ sin 4¢] + bsa® cos 5o — dga® cos 6¢ + bra” cos Te
— by [(Cg —Ina)a® cos 8¢ + pa® sin 8¢] + boa® cos 9¢ — dipa'® cos 10¢ + byya't cos 11¢
— by [(012 —1Ina)a'® cos 12¢ + ¢a'?sin 12¢} + byga'® cos 13¢
— dy4a™ cos 14¢ + bisa'® cos 15¢ . . .

also repeating in groups of four. The term 0.615931b/i5+ log(2/+), and theP and( are the
terms inside the curly brackets of Eq. (4.11) of [2]. The tyyaphical errors above were corrected
in [3] but not the ordering of signs in theseries.



For reference, Carson’s equations [1] are (wite o andf = ¢):
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Fig. 1 compares the numerical results fox » <= 10 atf = 27/3 for the series in [1] with
the corrected series from [2].
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Figure 1: Comparison of results for Carson’s serie@ at 27 /3 (left) and the corrected EMTP
Theory Book series at the same valuedq(right). Terms up to and includinig; were retained in
the series to get valid results to a = 10.

Python programs (and typesétdX) to calculate (and display) both Carson’s series and the
corrected EMTP Theory Book series are available from thieaut

Comparison of the corrected EMTP Theory Book series anddda series with the results of
ATP for the impedance of a single wire above the ground plaggests that ATP in fact uses the
correct expressions, amit what is described in the EMTP Theory Book. Regrettably, weeha
been unable to obtain the source code for ATP to verify tHerence.
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